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APPAMTUB FOR CONTROLLING LEVEL 
OF CRYUGENIC LIQUID 

BACKGROUND 

A number of devices and instruments utilize liquid nitro— 
gen or other liquiiied gas in a reservoir. In some cases, such 
as precision differential scanning calorimeters which cool 
samples through thermal communication with the cryogenic 
liquid, it is necessary to maintain an accurate level of the 
liquid in order to keep the sample accurately at temperature. 
Conventional methods, for example with ?oats connected to 
valves, do not necessarily maintain the level with sufficient 
precision. 

Therefore, an object of the invention is to provide a novel 
apparatus for maintaining a level of cryogenic liquid in a 
vessel with a high degree of precision. Another object is to 
provide such an apparatus with automated startup proce 
times for initially iilling the vessel to the level to be 
maintained in a reasonable time. 

SlllvllvlARY 

The foregoing and other objects are achieved, at least in 
part, by an apparatus for controlling level of cryogenic 
liquid, comprising a vessel for containing a cryogenic liquid 
having a liquid level in the vessel subject to an intrinsic 
declination, a pressure table for holding a supply of the 
cryogenic liquid, a transfer duct connected to transfer liquid 
?rorn the tanlt to the vessel by pressure in the tank, pressure 
means for selectively elfecting pressure in the tank so as to 
elifect the transfer, a primary sensor disposed to sense the 
liquid level being above or below a selected operating level, 
and a controller operatively connected between the primary 
sensor and the pres sure means for commanding the pressure 
means to elifect control pressure to the tanlt. The control 
pressure comprises a ?rst series of pressure pulses effected 
when the liquid level is below the operating level such that 
the pressure in the tanlt is augmented until the liquid level 
reaches the operating level. Preferably the control pressure 
further comprises a second series of pressure pulses e?ected 
when the liquid level is above the operating level such that 
the pressure the tank is decremented until the liquid level 
reaches the operating level, the ?rst series and the second 
series of pressure pulses being applied alternately as pres 
sure pulse cycling. The liquid level thereby is maintained 
substantially at the operating level in compensation for the 
intrinsic declination. 

In a preferred embodiment, the apparatus further com 
prises a lower sensor disposed in the vessel at a lower level 
than the operating level for sensing the liquid level being 
above or below the lower level. The control pressure further 
comprises a startup sequence prior to the pressure pulse 
cycling, comprising a constant pressure to the tank 
when the liquid level is below the lower level, so as to 
transfer liquid to the vessel more rapidly during startup than 
with the pressure pulses. 

In a further embodiment, the apparatus comprises an 
upper sensor disposed in the vessel at a higher level than the 
operating level for sensing the liquid level being above the 
higher level. The startup sequence further comprises termi 
nation of application of control pressure and simultaneously 
opening of a pressure relief valve on the tanlr for a time delay 
commencing during application of the initial pressure when 
the initial pressure the liquid level reaches the lower level. 
The time delay is selected such that the liquid level normally 
reaches a preliminary level proximate the operating level, 
and the startup sequence further comprises initiating the 
pressure pulse cycling after the time delay. 
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2 
In a further aspect the apparatus comprises a sensor 

assembly mounted into the vessel, the assembly comprising 
each sensor, a housing including a base section, and a circuit 
board attired in the base section. Each sensor comprises an 
electronic temperature sensor with support leads connected 
into the circuit board so that the sensor extends downward 
from the base section into the vessel to its respective level. 
The housing further includes a tubular extension for each 
sensor extending downward in the vessel. Each extension 
openly envelopes its sens or and support leads and extends to 
a point incrementally below its sensor. Each extension has a 
bottom opening and a vent hole above a nominally maxi 
mum liquid level. The liquid level can thereby extend into 
each tubular extension with a minimum of physical and 
thermal turbulence. 

Objects are also achieved by an apparatus for transferring 
cryogenic liquid, comprising a vessel for containing a cryo 
genic liquid, a pressure tank for holding a supply of the 
cryogenic liquid and having a sealed cover, and a transfer 
duct connected to transfer liquid from the tank to the vessel 
by pressure in the tank. The transfer duct comprises a 
transfer line connected to transfer liquid from the tank, a 
vessel inlet section sealed into the cover, and a duct section 
connected between the transfer line and the inlet section. 
The duct section comprises a duct housing with an exhaust 
channel therein. and a liquid injection tube extending there 
through. The injection tube is connected to pass liquid from 
the transfer line, and the housing duct has an exhaust port 
proximate the transfer line and, oppositely from the port, an 
opening into the inlet section. The inlet section comprises a 
cylindrical outer ba?le extending downward from the duct 
ing section into the vessel substantially below the operating 
level, a cylindrical inner baffle mounted coavially within the 
outer ba?le so as to de?ne an annular space therebetween, 
and an injection end of the injection tube extending partially 
into the inner baille. rl‘he injection tube has an exit end below 
a nominally minimum operating level. The outer bame has 
one or more exhaust vents located in the vessel above a 
nominally maximum liquid level so as to exhaust gas iirom 
above the liquid level in the vessel through the duct housing 
to the exhaust port. The inner baffle has an upper end located 
below the exhaust vents and a lower end located above that 
of the outer ba?e Liquid under pressure from the tank 
thereby is injected under pressure from the tank into the 
vessel with a minimum of physical and thermal turbulence. 

BRIEF DESCRIPTION OF THE DRA‘Wllll'GS 

Fit}. 1 is a schematic drawing partially in section of an 
apparatus according to the invention. 

Flt}. 2 is a vertical section of a sensor assembly of the 
apparatus of FIG. l. 

FIG. 3 is vertical section of liquid transfer components of 
the apparatus of EEG. 1. 

FIG. 4 is a graph of pressure pulses utilized in the 
apparatus of FIG. 1. 

FIG. 5(A-C) is series of graphical curves illustrating 
liquid level in the apparatus of FIG. 1 with dilierent startup 
conditions. 

lDE'I‘AJLED DES CRIPI‘llUN 

Apparatus of the invention controls the level of cold 
liqnihed gas where a constant level of liquid is to be 
maintained. As used herein, the term “liquifled gas” means 
the low temperature liqui?ed phase of a substance that is 
gaseous at atmospheric temperature and pressure, such as 
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cryogenic liquid nitrogen, oxygen, hydrogen or helium. A 
preferred embodiment is a calorimeter incorporating liqui 
?ed gas for low temperature cooling of samples, for example 
a Perkin-Elmer model DSC-7 diiferential scanning calorim 
eter (“DSC”) for comparing thermal characteristics of a pair 
of samples. Although the invention is particularly advanta 
geous with respect to a calorimeter, it will be appreciated 
that the invention should be useful for any container of cold 
liquified gas where the level is to be maintained. Despite 
insulation such liquid tends to evaporate due to some heat 
leakage from the ambient surroundings. Also, instrument 
components that are being cooled, for example in the 
calorimeter, may add to heat evaporation of the liquid. The 
present invention is directed to replenishing the intrinsic loss 
of liquid by heat evaporation and/or by a regular withdrawal 
of the liquid or its cold evaporant for a purpose such as 
surface cooling. 

Basic components of the apparatus 10 include an insu-_ 
lated vessel 12 for liquid nitrogen 14 (or other liqui?ed gas) 
for cooling instrument components 15. The vessel is formed 
of sidewalls 16 and a cover 18 substantially sealed thereto. 
A pressure tank 20 of liquid nitrogen supply 21 is used for 
?lling the vessel and replenishing the liquid therein. A 
conduit assembly 22 connects ?om the tank to the vessel for 
transferring liquid from the tank to the vessel by means of 
pressure in the tank. Gas pressure to the tank is provided by 
a pressure means 24 with a pressure metering system of at 
least one pressure regulator and valving leading from a 
pressurized supply of gas. The pressure gas preferably has 
the same composition as the liquid. A pressure relief valve 
26 in an exhaust line 28 leading from above liquid level also 
should be provided for relieving pressure in the tank. 
The pressure means and its associated connections into 

the supply tank 20 are formed of conventional, non 
cryogenic components. For example, a gas connection block 
30 attaches to the top of the tank with quick disconnect 
?anges (not shown) held with a Marmon clamp or the like. 
The block has three pipes leading in. One pipe 32 leads from 
the conduit assembly 22 to near the bottom of the tank. 
Another is the exhaust line 28 from the top with the solenoid 
valve 26 therein. The third is a pressurization pipe 34 to the 
top of the tank. The latter pipe preferably has two legs 36, 
38 each having a respective solenoid valve 40, 42, and each 
leg reconnects to a common pipe 44 to the main regulator 46 
of the gas supply 48. One leg 38 provides higher pressure, 
e.g. about 0.56><105 Pascals (N/m2) gage (s psig), and the 
other leg 36 provides lower pressure, e.g. nominally 0.ll>< 
10s to 0.18><l05 Pascals gage (1.5-2.5 psig). These are 
suitable pressures for a DSC; other levels may be selected 
for other Applications. The valves are on-o? types that are 
capable of effecting the pressure pulsing described below, 
such as solenoid valves. A suitable larger valve is model 
B2017-S58 from Precision Dynamics inc., New Britain, 
Conn._. and a suitable smaller valve is model ET-3OM 
24VDC from Cli?ord, Cincinnati, Ohio. 

‘The pressures are determined by valve ori?ce size. The 
valve 42 in the higher pressure leg has a larger valve ori?ce 
to provide the greater pressure close to or nominally less 
(e.g. 20%) than the pressure from the regulator 46. The other 
valve 40 has a smaller valve ori?ce to provide a signi?cant 
pressure drop to e?’ect the lower pressure into the tank. 
Alternatively, a separate regulator for the lower pressure 
may be installed in the low pressure leg, or separate regu 
lators in each leg, with both valves being large enough for 
minimal pressure drop. Also, although not normally needed, 
a pressure gage (not shown) may be connected to the tank. 
The conduit assembly 22 is formed basically of three 

tandem sections. A transfer line 50 is connected to transfer 
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4 
the cryogenic liquid 21 from the tank. A vessel inlet section 
52 is sealed into the cover 18 of the vessel and extends down 
into the liquid 14. A duct section 54 is connected between the 
transfer line 50 and the inlet section. The transfer line from 
the tank is a conventional cryogenic type such as ?exible 
vacuum-insulated tubing. The connections 56 between sec 
tions preferably utilize quick connectors to allow easy 
disassembly and replacement of the supply tank, the type of 
connector not being important to the present invention. A 
suitable type of connector comprises a stainless steel tube 
that slides tightly into a tubing of polytetra?uoroethylene 
(PTFE) that is circumferentially compressed with a ferrule. 

In the vessel 12, a sensor or an assembly 58 of sensors of 
the liquid level 60 in the vessel is mounted in the cover 18 
to extend down past the selected operating liquid surface 
level 62. (The actual liquid level 60 generally is not exactly 
the same as the selected level 62.) Signals associated with 
the sensors are conveyed on signal lines 64 to a controller 66 
which is preferably a computer and is operatively connected 
between the sensor assembly 58 and the pressure means 24 
to send appropriate command signals on control lines 68 to 
the pressure means. The computer includes a processing 
device that may be dedicated to the present application or 
may be the same as that used for the associated instrument, 
e.g. via cable 69. The computer generally should have 
analog/digital (AID) and digital/analog (D/A) converters 70 
as required for input and output (with appropriate ampli?er 
circuits), a processing unit 72 (CPU), and a system control 
program 74 which may be software or ?rmware. A monitor 
76 or other display or printer, and a keyboard or keypad 78 
may be utilized, particularly for the associated instrument. 
However, the present application should be substantially 
automated so that operator controls may be merely for 
starting and stopping the liquid ?lling and maintenance 
operation. Also, memory 80 (RAM and disk) may exist for 
the instrument and be used for the present case, but this 
function may readily be included in the program for the 
present application. Those of ordinary skill will be able to 
readily assemble a computer program with conditional and 
clock statements for applying the pressure sequences 
described herein. 

Although only one sensor may be used for simple control 
for constant ?uid level, advantageously there is an assembly 
58 of sensors, preferably three sensors 140, 146, 153 (FIG. 
2). The assembly has a housing 82 including a base section 
84 mounted on the vessel cover 18 over an aperture 86 
therein. The base section conveniently is rectangular. A 
circuit board 88 of wiring connections 90 for the sensors is 
a?ixed in the base section between a gasket 92 in the bottom 
and a compression pad 94 on top held by a housing cover 96 
screwed in place, the gasket and pad being, for example, soft 
silicone rubber. The pad seals the top portion of the housing, 
particularly the wire exit holes, and provides some degree of 
?oat for the circuit board. 

Each sensor advantageously is an electronic temperature 
sensor such as a conventional cryogenic thermistor with 
leads also acting as support leads connected into the circuit 
board so that each sensor extends downward from the base 
section into the vessel to a respective selected level. The 
sensor determines only whether the liquid level is above or 
below the sensor. Actual temperature need not be measured. 
The assembly housing 82 further includes three tubular 

extensions 98 extending from the housing base downward in 
the vessel, each extension enveloping an associated sensor 
and its support leads 100 so that some space exists around 
the sensor and its leads. Each extension may open into the 
housing base 84 with sealing being provided by the gasket 
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and. for example. has an internal diameter and a bottom 
opening of about 6 mm Each extension extends down to a 
point incrementally below its associated sensor. for example 
about 6 to 9 mm. Each extension has one or more (cg. 2 
opposing) vent holes 102 located above a nominally maxi 
mum liquid level 104, to allow the liquid to rise and fall 
easily around the sensor. (The terms “nominally maximum 
liquid level” and “nominally minimum liquid level” as used 
herein mean respectively the maximum and minimum levels 
of the liquid normally expected during ordinary operations 
except at low level before startup.) 
The duct section 54 (FIG. 3) of the conduit assembly 22 

is formed of a duct housing 1116 with an exhaust channel 108 
therein for exhausting vaporized liquid from the vessel. This 
housing may be of cylindrical or rectangular (or square) 
cross section and conveniently rests on the cover 18 to its 
edge. The exhaust channel extends between one ?anged 
?tting llll at the inlet section 52 and opposite ?tting 111 into 
an external exhaust pipe 112. The exhaust pipe ?tting 
connects to the channel 108 at an opening 114 in a sidewall 
116 of the duct near the end proximate the transfer line 50, 
and has an opening 115 (FIG. 1) to atmosphere at a conve 
nient distance from the duct. A. liquid injection tube 118. for 
example flexible 1.6 mm inside diameter. extends 
from the transfer line through the duct into the vessel. Cold 
gas exhausting through the channel 108 from the vessel 
helps keep the cryogenic liquid in this line cold. 
The inlet section 52 of the conduit assembly 22 has an 

outer bame 120, preferably cylindrical, extending down 
ward from the ?anged ?tting 110 in the cover port into the 
vessel to a point 121 substantially below the normal oper 
ating level 62 for the liquid. The outer ba?le has at least one 
and preferably a plurality of circumferentially distributed 
exhaust vents 122 located above the nominally maximum 
liquid level 104 so as to exhaust gas from above the liquid 
level 60 into the duct housing. 
An inner bame 124 is mounted coaxially within the outer 

baffle so as to de?ne an annular space 126 therebetween. e.g. 
about 2 to 4 mm wide. The inner ba?le, is a?xed to the outer 
battle. eg with a transverse pin 128 press ?tted through 
these components. The inner battle has an upper end 130 
located just below the exhaust vents 122, generally proxi 
mate the selected operating level 62 of the liquid. Its lower 
end 132 is nominally above the bottom 121 of the outer 
battle. The injection end 134 of the injection tube 118 
extends from a bend in the tube down partially into the inner 
battle, the injection tube having an exit ori?ce 136 below the 
nominally minimum liquid operating level 133. This 
arrangement of the bames and injection tube allows the 
liquid to be injected under pressure from the tank into the 
vessel with a minimum of physical and thermal turbulence. 
Escaping gas surrounding the inner and outer battles is 
blocked from prematurely warming and vaporizing the 
arriving liquid from the injection tube. The inlet section 52 
should be approximately centralized in the vessel to the 
extent practical with respect to instrument components. 
E?ect of any remaining turbulence on level control is further 
minimized by locating the sensor assembly 58 spaced about 
equally between the inlet section 52. the instrument com 
ponents l5 and a vessel wall 16 (MG. 1). 
The sensor assembly (FIG. 2) includes at least a primary 

sensor 14ll| disposed to sense the liquid level being above or 
below the selected operating level 62. The controller is 
operatively connected between the primary sensor and the 
pressure means 24 for commanding the pressure means to 
e?’ect control pressure to the tanlr. liluring maintenance of 
liquid level, the control pressure is applied as a series of 
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6 
pressure pulses applied to the supply tanlt by the ?rst 
(smaller) valve 40 (FIG. 1) by opening and shutting this 
valve. A. ?rst series of pressure pulses 142 (FIG. 4) is 
effected with this valve when the liquid level 601 is sensed to 
be below the selected operating level 62. These pulses are 
provide at a control pressure pulse height and pulse period 
such that the pressure in the tank is augmented to maintain 
liquid input to the vessel in excess of the intrinsic loss until 
the liquidlevel reaches the operating level. The pulse height, 
pulse width and pulse period are selected for the particular 
vessel conditions. For the DEC, suitable pulse height. width 
and period were found to be 014x105 Pascals (2 psi). 4 
seconds and 7 seconds respectively. 
When the level 60 is sensed to reach the selected oper 

ating level 62. the ?rst series of pulses 142 is terminated. 
Due to remnant pressure in the tank, there will be overshoot 
of supply to the vessel and continued increase in liquid level 
until the pressure subsides from the continuing flow out of 
the tank. in one aspect it is su?cient to merely pause in 
application of pres sure until the intrinsic loss of liquid in the 
vessel lowers the level to the selected operating level which 
is again sensed to restart the pulses. This sequence is cycled 
to maintain the actual liquid level substantially at the oper 
ating level in compensation for the intrinsic declination. 
As the intrinsic loss may be too rapid and cause excess 

undershoot of the level, advantageously the control pressure 
further comprises a second series of pressure pulses 144 
e?ected with the ?rst valve 40' when the liquid level is 
detected above the operating level. These pulses are applied 
from the same valve as the ?rst series, but with less pulse 
time. e.g. with width and period 3 and 21 seconds respec 
tively. These parameters are selected so that the pressure in 
the tanlr is decremented until the liquid level in the vessel 
reaches the selected operating level, preferably in about the 
same length of time as the ?rst series is run. The ?rst series 
then is restarted. Thus the ?rst series 122 and the second 
series of pressure pulses 144 (FIG. 4) are applied alternately 
as pressure pulse cycling to the liquid level sub 
stantially at the operating level. It will be appreciated that, 
although the pulses are conveniently on~o? by the valve. 
application of the pressure pulses by sinusoidal means or the 
like by slow valving would also serve. 

In a typical startup situation, the initial liquid level in 
vessel the is likely to be substantially below operating level, 
or the vessel may even be empty. Thus a selected startup 
sequence is desirable. For this a lower sensor 146 (FIG. 4) 
is disposed in the vessel at a lower level than the operating 
level (e.g. about 2 mm lower) for sensing the liquid level 
being above or below the lower level. The controller is 
further operatively connected between the lower sensor and 
the pressure means 24 for commanding the pressure means 
to further eldect the control pressure in one of several startup 
pressure sequences (FIG. 5) prior to the pressure pulse 
cycling. A startup pressure sequence applies a constant 
initial pressure to the tank when the liquid level is below the 
lower level. so as to provide a transfer 148 of liquid to the 
vessel more rapidly during startup than with the pressure 
pulses. The constant pressure is terminated when the level 
reaches the lower sensor level 150'. The controller also is 
operatively connected by a line 152 (FIG. l) to the exhaust 
valve 26 on the tanlc 20 to open this valve upon pressure 
termination to quickly relieve the higher pressure and reduce 
overshoot. 
The initial pressure may be applied from the same valve 

40 as for the pressure pulses and thus be equal to the pulse 
height. its such case the other valve 42 will not be needed. 
However the ?ll may be too slow. ‘Thus it is preferable 
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for the initial pressure to be greater than the control pressure 
pulse height, by use of the second (larger) valve 42 to effect 
the higher pressure. 
Due to the higher initial pressure at startup, signi?cant 

overshoot above the operating level may occur. To reduce 
this, an upper sensor 153 is disposed in the vessel at a higher 
level 160 than the operating level (e.g. 5 mm higher) for 
sensing the liquid level being above the higher level. The 
controller is further operatively connected between the 
upper sensor and the pressure means 24 for commanding the 
pressure means to further eifect the control pressure, par 
ticularly in the startup sequence. The startup pressure 
sequence then further comprises termination of application 
of any pressure to the tank (when the level hits the lower 
sensor) for a time delay T1 commencing (during application 
of the initial pressure) when the liquid level reaches the 
lower sensor. The time delay is selected such that the liquid 
level reaches a preliminary level (which is not any exact 
level) proximate the operating level 62. The delay may be 
terminated by further sensing, but it is su?icient to select a 
time delay approximately by experimentation. A suitable 
delay of 75 seconds was determined for the present case. The 
exhaust valve 26 is closed at the end of the time delay. After 
this delay, the startup pressure sequence initiates the pres 
sure pulse cycling. 
The normal cycling may be initiated immediately after the 

foregoing, but ftn'ther overshoot may be reduced by appli 
cation of an intermediate stage of pressure after the time 
delay and before entering the normal cycling (FIG. 5). A?rst 
intermediate stage 154 (Case A) is utilized if the preliminary 
level is below the lower level, or a second intermediate stage 
156 is utilized if the preliminary level is above the upper 
level (Cases D and E). There is immediate initiation 158 of 
the pressure pulse cycling if the preliminary level is already 
between the lower level and the upper level (Cases B and C). 
The ?rst intermediate stage comprises a constant higher 

pressure from the larger valve 42 applied to the tank until the 
liquid level reaches the lower level. At this point the regular 
pulse cycling is started 158 using the smaller valve 40. 

The second intermediate stage comprises both valves 
being closed with ever-decreasing pressure in the tank until 
the liquid level reaches the upper level by the intrinsic 
declination. At this point the regular pulse cycling is started 
158 using the smaller valve 40. 
A further feature is desirable in case of excess or delayed 

over?ll with the second intermediate stage (Case E). The 
controller is operatively connected to open the relief valve 
26 if the liquid level remains above the upper sensor level 
160 upon conclusion of an additional preset time period T2 
(e.g. 30 seconds) beginning with the liquid level reaching 
the upper level. Thereafter the controller closes the relief 
valve when the liquid level thereafter reaches the upper level 
by the intrinsic declination. The regular pulse cycling is then 
started. 

Accurate maintenance of the liquid at operating level is 
further improved with e?’ective insulation of the vessel and 
associated components. Thus the vessel sidewalls 16 (FIG. 
1) should be thermally insulated, and the cover 18 formed 
substantially of thermal insulating material. ‘The insulation 
may be e?ected with conventional or other desired means 
such as foam blocks and/or insulating dead gas spaces (e.g. 
3 such spaces) separated by polymer sheets. The assembly 
housing 82 (FIG. 2) should also be formed substantially of 
thermally insulating material, advantageously an insulating 
polymer such as General Electric Ultem'l'M plastic. Outer 
walls, and preferably also inner wall layers, should be 
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8 
silverized such as with aluminum paint, tape or foil to 
minimize entry of radiant heat. 

It was found that the liquid level could be maintained at 
the operating level within about 0.5 mm with a system as 
described above. Startup time is about 30 minutes for an 
initially empty vessel of 1.21. The system automatically ?lls 
the vessel at the beginning and, with good insulation, can 
maintain the level for approximately 24 hours from an 
ordinary supply tank of 50 1. 

While the invention has been described above in detail 
with reference to speci?c embodiments, various changes and 
modi?cations which fall within the spirit of the invention 
and scope of the appended claims will become apparent to 
those skilled in this art. Therefore, the invention is intended 
only to be limited by the appended claims or their equiva 
lents. 
What is claimed is: 
1. An apparatus for controlling level of cryogenic liquid, 

comprising a vessel for containing a cryogenic liquid having 
a liquid level in the vessel subject to an intrinsic declination, 
a pressure tank for holding a supply of the cryogenic liquid, 
a transfer duct connected to transfer liquid from the tank to 
the vessel by pressure in the tank, pressure means for 
selectively eifecting pressure in the tank so as to effect the 
transfer, a primary sensor disposed to sense the liquid level 
being above or below a selected operating level, and a 
controller operatively connected between the primary sensor 
and the pressure means for commanding the pressure means 
to effect control pressure to the tank, the control pressure 
comprising a ?rst series of pressure pulses eifected when the 
liquid level is below the operating level such that the 
pressure in the tank is augmented until the liquid level 
reaches the operating level, whereby the liquid level is 
maintained substantially at the operating level in compen 
sation for the intrinsic declination. 

2. The apparatus of claim 1 wherein the control pressure 
further comprises a second series of pressure pulses effected 
when the liquid level is above the operating level such that 
the pressure in the tank is decremented until the liquid level 
reaches the operating level, the ?rst series and the second 
series of pressure pulses being applied alternately as pres 
sure pulse cycling. 

3. The apparatus of claim 2 further comprising a lower 
sensor disposed in the vessel a lower level than the operating 
level for sensing the liquid level being above or below the 
lower level, the controller being further operatively con 
nected between the lower sensor and the pres sure means for 
commanding the pressure means to e?tect the control 
pressure, the control pressure further comprising a startup 
sequence prior to the pressure pulse cycling, the startup 
sequence comprising a constant initial pressure to the tank 
when the liquid level is below the lower level, so as to 
transfer liquid to the vessel more rapidly during startup than 
with the pressure pulses. 

4. The apparatus of claim 3 wherein the pressure pulses 
have a control pressure pulse height, and the initial pressure 
is substantially equal to l'hB control pressure pulse height. 

5. The apparatus of claim 3 wherein the pressure pulses 
have a control pressure pulse height, and the initial pressure 
is greater than the control pressure pulse height. 

6. The apparatus of claim 5 wherein the pressure means 
comprises a pressure regulator receptive of pressln'ized gas, 
a ?rst on-off valve connected between the regulator and the 
tank for selectively e?’ecting the pressure, and a 
second on-o?’ valve connected between the regulator and the 
tank, the second valve having a pressure drop constriction 
therein to elfect the control pressure pulse height. 
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7. The apparatus of claim 5 further comprising an upper 
sensor disposed in the vessel at a higher level than the 
operating level for sensing the liquid level being above the 
highest level, and a normally closed pressure relief valve 
disposed in the tanlr above the liquid therein, the controller 
being further operatively connected between the upper sen 
sor and the pressure means for commanding the pressure 
means to eillect the control pressure, and operatively con 
nected to selectively open the relief valve in the startup 
sequence, the startup sequence further comprising termina 
tion of application of control pressure and simultaneously 
opening of the relief valve for a time delay commencing 

during application of the initial pressure when the pressure the liquid level reaches the lower level, the time 

delay being selected such that the liquid level normally 
reaches a preliminary level proximate the operating level, 
and the startup sequence further comprises initiating the 
pressure pulse cycling after the time delay. 

d. The apparatus of claim 7 wherein after the time delay 
and prior to the pressure pulse cycling the startup sequence 
further comprises a ?rst intermediate stage if the preliminary 
level is below the lower level, or a second intermediate stage 
if the preliminary level is above the upper level, or imme 
diate initiation of the pressure pulse cycling if the prelimi 
nary level is between the lower level and the upper level, the 
first intermediate stage comprising a constant pressure less 
than the initial pressure applied to the tanlr until the liquid 
level reaches the lower level, and the second intermediate 
stage comprising terminating application of pressure to the 
tanlt until the liquid level reaches the upper level by the 
intrinsic declination. 

9. The apparatus of claim 8 whereby, with respect to the 
second intermediate stage, the controller is operatively con 
nected to open the relief valve the liquid level is above the 
upper level upon conclusion of a preset time period begin 
ning with the liquid level reaching the upper level, and to 
close the relief valve when the liquid level thereafter reaches 
the upper level by the intrinsic declination. 

Ill. The apparatus of claim 7 wherein the apparatus further 
comprises a sensor assembly mounted into the vessel, the 
assembly comprising each sensor, a housing including a 
base section, and a circuit board aflixed in the base section, 
each sensor comprising an electronic temperature sensor 
with support leads connected into the circuit board so that 
the sensor extends downward from the base section into the 
vessel to its respective level, the housing further including a 
tubular extension for each sensor extending downward in the 
vessel, each extension openly enveloping its sensor and 
support leads and extending to a point incrementally below 
its sensor, and the extension having a bottom opening and 
having a vent hole above a nominally maximum liquid level, 
whereby the liquid level can extend into each tubular 
extension with minimal physical and thermal turbulence. 

l1. The apparatus of claim It wherein the vessel further 
comprises a cover and the base section of the sensor assem 
bly is mounted to the cover. 

12. The apparatus of claim 1 wherein the apparatus further 
comprises a sensor assembly mounted into the vessel, the 
assembly comprising the sensor, a housing including a base 
section, and a circuit board a?txed win the base section, each 
sensor comprising an electronic temperature sensor with 
support leads connected into the circuit board so that each 
sensor extends downward from the base section into the 
vessel to its respective level, the housing further including 
three tubular extensions extending downward in the vessel, 
each extension openly enveloping an associated sensor and 
its support leads and extending to a point incrementally 
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below its associated sensor, and each extension having a 
bottom opening and having a vent hole above a nominally 
maximum liquid level, whereby the liquid level can extend 
into each tubular extension with of physical and 
thermal turbulence. 

13. The apparatus of claim 12 wherein the vessel further 
comprises a cover and the base section of the sensor assem— 
bly is mounted to the cover. 

id. The apparatus of claim 1 wherein the vessel comprises 
a sealed cover, the transfer duct comprises a transfer line 
connected to transfer liquid from the tanlt, a vessel inlet 
section sealed into the cover, and a duct section connected 
between the transfer line and the inlet section; 

the duct section comprising a duct housing with an 
exhaust channel therein, and a liquid injection tube 
extending therethrough, the injection tube being con 
nected to pass liquid from the transfer line, the housing 
duct having an exhaust port proximate the transfer line 
and oppositely an opening into the inlet section; and 

the inlet section comprising a cylindrical outer bal?lle 
extending downward from the ducting section into the 
vessel substantially below the operating level, a cylin 
drical inner bame mounted coaxially within the outer 
baffle so as to de?ne an annular space therebetween, 
and an injection end of the injection tube extending 
partially into the inner battle, the injection tube having 
an exit end below a nominally minimum operating 
level, the outer baf?le having one or more exhaust vents 

located in the vessel above a nominally liquid level so as to exhaust gas from above the liquid 

level in the vessel through the duct housing to the 
exhaust port, and the inner baffle having an upper end 
located below the exhaust vents and a lower end 
located above that of the outer battle, whereby liquid 
under pressure born the tanl: is injected into the vessel 
with a minimum of physical and thermal turbulence. 

15. The apparatus of claim 14 wherein the vessel com» 
prises sidewalls sealed to the cover, the inlet section and the 
duct section are connected at a port in the declc, and the 
apparatus further comprises a sensor assembly mounted to 
the deck: spaced between the inlet section and a sidewall, the 
assembly comprising each sensor extending downward from 
the base section into the vessel to its respective level. 

lld. The apparatus of claim 15 wherein the sensor assern~ 
bly ?urther comprises a housing including a base section, and 
a circuit board a?xed in the base section, each sensor 
comprising an electronic temperature sensor with support 
leads connected into the circuit bomd so that each sensor 
extends downward from the base section into the vessel to 
its respective level, the housing further including three 
tubular extensions extending downward in the vessel, each 
extension openly enveloping an associated sensor and its 
support leads and extending to a point incrementally below 
its associated sensor, and each extension having a vent hole 
above the liquid level, whereby the liquid level can extend 
into each tubular extension with a minimum of physical and 
thermal turbulence. 

l7. The apparatus of claim 16 wherein the vessel side 
walls are thermally insulated, and the cover and the housing 
are formed substantially of thermally insulating material. 

l8. An apparatus for transferring cryogenic liquid, oom~ 
prising a vessel for containing a cryogenic liquid, a pressure 
tanlr for holding a supply of the cryogenic liquid and having 
a sealed cover, and a transfer duct connected to transfer 
liquid from the tanlc to the vessel by pressure in the tank; 

the transfer duct comprising a transfer line connected to 
transfer liquid from the tanlr, a vessel inlet section 
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sealed into the cover, and a duct section connected 
between the transfer line and the inlet section; 

the duct section comprising a duct housing with an 
exhaust channel therein, and a liquid injection tube 
extending therethrough, the injection tube being con 
nected to pass liquid from the transfer line, the housing 
duct having an exhaust port proximate the transfer line 
and, oppositely the exhaust port, an opening into the 
inlet section; and 

the inlet section comprising a cylindrical outer ba?le 
extending downward from the ducting section into the 
vessel substantially below the operating level, a cylin 
drical inner battle mounted coaxially within the outer 
baffle so as to de?ne an annular space therebetween, 
and an injection end of the injection tube extending 
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partially into the inner baf?e, the injection tube having 
an exit end below a nominally minimum operating 
level, the outer baffle having one or more exhaust vents 
located in the Vessel above a nominally maximum 
liquid level so as to exhaust gas from above the liquid 
level in the vessel through the duct housing to the 
exhaust port, and the inner ba?le having an upper end 
located below the exhaust vents and a lower end 
located above that of the outer baffle, whereby liquid 
under pressure from the tank is injected under pressure 
from the tank into the vessel with a minimum of 
physical and thermal turbulence. 

***** 


